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Abstract  
This paper presents a characterization of an integrated ozone generator constructed by seven of reac-
tors of Dielectric Barrier Discharge Plasma (DBDP). DBDP a has spiral-cylindrical configuration. Si-
lence plasma produced ozone inside the DBDP reactor was generated by AC-HV with voltage up to 25 
kV and maximum frequency of 23 kHz. As a source of ozone, dry air was pumped into the generator 
and controlled by valves system and a flowmeter. We found ozone concentration increased with the ap-
plied voltage, but in contrary, the concentration decreased with the flow rate of dry air. It was also 
found that a maximum concentration was 20 mg/L and ozone capacity of 48 g/h with an input power of 
1.4 kW. Moreover, in this generator, IP efficiency of 8.13 g/kWh was obtained at input power 0.45 kW 
and air flow rate of 9 L/min. Therefore, be the higher ozone capacity can be produced with higher input 
power; however, it provided lower IP efficiency. The effect of dry air flow rate and applied voltage on 
ozone concentrations have been studied. At last, spiral wire copper was very corrosive done to the in-
teraction with ozone, and it is necessary to do a research for finding the best metals as an active elec-
trode inside of the quartz dielectric. Copyright © 2017 BCREC GROUP. All rights reserved 
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1. Introduction  
Ozone is a compound formed from oxygen 
atoms (O3). Some techniques generate ozone 
that has been developed among others by DC 
corona discharge [1,2]. Generation of ozone is 
more widely used for the application purpose to 
obtain the desired concentration with dielectric 
barrier discharge plasma [3,4,5]. A dielectric 
barrier discharge (DBD) will appear in a gas 
gap when an AC or RF voltage is applied to an 
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electrode system with one or both electrodes 
covered by a dielectric layer [6]. Ozone can be 
produced by using electrical discharge in pure 
oxygen gas or air that was feed in the space be-
tween the active electrode with dielectric bar-
rier. DBD is the most widely used in industrial 
pipeline applications since it produces the high-
est gas concentrations [8,9,10]. 
The factors that can affect ozone formation 
in general are voltage, dielectric materials, 
pressure, configuration system of the plasma 
reactor and a gas inserting in the plasma reac-
tor [11,12]. The main mechanism of ozone for-
mation are ionization, recombination, dissocia-
tion and association. The reaction of ozone for-
mation can occur in a plasma reactor has been 
explained for example by Fridman in his book 
[13]. Experimental study on the current-voltage 
characteristics for atmospheric pressure DBD 
has been done by Pongsathon [14]. Nur et al. 
produced ozone by using DBD plasma and it 
was implemented in the rice storage for main-
taining the rice quality [15].  
 
2. Materials and Method 
Figure 1 shows a series of experiments in 
this study. An ozone generator is made by com-
bining seven Dielectric Barrier Discharge 
Plasma (DBDP) reactors. DBDP has a spiral-
cylindrical configuration. Silence plasma pro-
duced ozone inside DBDP reactor was gener-
ated by AC-HV with voltage up to 25 kV and 
maximum frequency of 23 kHz. Input voltage 
was determined through a voltage divider (HV 
Probe AC Voltage max 28 kV; DC 40 kV, EC 
code number 1010, En G1010). Electrical sig-
nal for high voltage from the probe was de-
tected by an Oscilloscope GOS-653, 50 MHz. 
The electric current was measured by using an 
Ammeter (AC/DC digital clamp meter, KYO-
RITSU Kew Snap Model 2010). Input power 
(IP) can be determined by using the following 
eq. [16]: Input Power (IP) = Applied Voltage (V) 
x  Average Capacitive Current (I).    
The design of the generator that consists of 
seven DBDP reactors with spiral - cylinder con-
figuration and pyrex tube serves as barrier is 
presented in the Figure 2a. An active electrode 
was made of spiral copper wire, and it is placed 
inside of a Pyrex tube. The pyrex tube has an 
outer diameter of 20 mm, 1.5 mm in thick and 
20 cm in long. The outside of the pyrex tube 
was wrapped with cylindrical electrode of cop-
per. Realization of the generator is showed in 
the Figure 2b.  
In the Figure 2b, we can see that all of reac-
tors are connected and fixed by Teflon with 
specific design, and the integrated DBDP reac-
tors become an ozone generator. These reactors 
were connected together in parallel to AC-HV. 
Dry air was pumped into the generator with an 
air pump and controlled by valves system and 
a flowmeter (Kofloc Model RX1600A Kojima, 
scale 1-10 L/min). Finally, ozone concentra-
tions were detected by the ozone monitor 
(Teledyne Instruments, API-454). Ozone Ca-
Figure 1. Experimental set up for an integrated ozone generator   
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pacity was calculated by a formula [17]: Ozone 
capacity (g/h) = Ozone concentration (g/L) x 
Air Flow rate (L/h). Photograph of the experi-
ments was taken using a CCD camera 
(Creative, DV Cam). 
  
3. Results and Discussion 
3.1. Characteristic of current - voltage         
Figure 3 shows the average electrical cur-
rent as a function of voltage and it was para-
bolic shapes. Similar results are recorded by [4] 
in the cylinder-cylinder and wire-cylinder con-
figurations. This is due to the electric field 
intensification at the active electrode inside the 
reactor. The use of larger electric potential will 
generate strong electrical field around the ac-
tive electrode. High intensity of the electric 
field further accelerates the motion of charged 
particles (ions and electrons) and these parti-
cles are involved in collisions among particles. 
Collisions among particles will produce ioniza-
tion, dissociation and also electrical charges. 
The electrical charge changes with the change 
in time will generate an electric current.  
In the silence plasma or DBD plasma has 
two capacitors: dielectric barrier forming a ca-
pacitor connected in series with the gas capaci-
tor [6]. Plasma itself is assumed to be a vari-
able impedance. It is connected in parallel with 
gas capacitor. Total electrical current has two 
components: an electric current from the ca-
pacitive barrier and electric current of the ca-
pacitive gas. Therefore, the actual electrical 
current measured was capacitive current. In 
other world, there was  presence of accumu-
lated electrical charge changes due to  the 
change of time.  
 
3.2. Effect of voltage on ozone concentra-
tion  
The influence of voltage on ozone concentra-
tions are presented in Figure 4 for several flow 
rate of gas. In low flow rate, ozone concentra-
tion is more generated compare with high flow 
rate for the same of applied voltage. This trend 
can be explained that the rest time of gas in 
collision zone as well as ionization zone is 
longer for low flow rate. From the Figure 4 it 
can be seen that the concentration of ozone in-
creased with the increase voltage, either for 
low and high flow rate. Fang et al. [4] sug-
gested a similar result that the ozone concen-
tration enlarged with the increase applied volt-
age for two types of DBD reactors with configu-
ration cylinder-cylinder and wire-cylinder.  
The graph presented in Figure 5 shows elec-
trical current influenced by flow rate. From the 
graph can be observed that there is no signifi-
cant change to the electrical current with the 
flow rate variation. The current did not af-
fected by flow rate due to electric current is the 
cumulative capacitive electrical current of the 
gas discharge. Gas discharge can occur in case 
of collisions between energetic particles such as 
electrons, ions with atoms or molecules. The in-
creasing  in flow rate is not associated with an 
increasing the number of energetic plasma spe-
cies. The increase in energy is obtained by in-
creasing the applied voltage. It can be seen 
(a) (b) 
Figure 2. Integrated ozone generator with seven DBD reactors (a) Design (b) Realization  
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Figure 3. Current as function of voltage, for 
integrated reactor, for all variants air flow 
rate.  
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from the graph that the applied high voltage 
(13 kV) produced the largest electric current 
(116 mA).  
To a certain voltage applied can be inferred 
to have a mean value of the current with small 
error bars. At the same graph, the effect of volt-
age applied to electrical current is very easy to 
find, the electrical current was greater with the 
increasing voltage applied. By using the aver-
age current value for each flow rate and ap-
plied voltage, the average input power can be 
determined for each flow rate. Input power (IP) 
can be determined by using the following equa-
tion  [16]: 
Input Power (IP) = Applied Voltage (V)  
                        × Average Capacitive Current (I) 
The influence of input power to the ozone 
concentration in integrated reactor can be 
shown in Figure 6. In this research, ozone ca-
pacity has been determined using the following 
equation:  
Ozone capacity (g/h) = ozone concentration  
(g/L) × air flow rate (L/h)            
 
Figure 7 showed the ozone concentration in 
various air flow rates as function of input 
power. There are 7 variations of flow rates, 
from 4 to 10 L/min, with increment of every 1 
L/min. It appears that the ozone capacity has 
significantly increased for all flow rates varia-
tion to the input power of 8 kW. It appears the 
presence of saturation or the tendency of con-
stant value in ozone capacity with the incre-
ment of input power. We found that a maxi-
mum concentration is 20 mg/L and ozone ca-
pacity of 48 g/h with input power of 1.4 kW. 
The similar results were also obtained by Jod-
pimai et al. [17], but they used the higher input 
power up to 2.7 kW or two-fold greater than 
the input power used in this research. The ten-
dency of constant value in ozone capacity with 
the increment of input power in this research 
[18] obtained at the O2 flow rates of 5 L/min 
and 10 L/min. Figure 8 showed the input power 
(IP) efficiency, obtained by the following equa-
tion [17]:  
IP efficiency (g/kWh) = Ozone capacity / Input 
power  
  
3.3. Effect of flow rates on ozone concen-
tration      
Figure 9 shows the variation of ozone con-
centration with flow rate of air for several ap-
plied voltages. For all voltages, ozone concen-
tration decreased with increasing flow rate. 
This decrease is due to partly reduced rest time 
of molecules of air or oxygen gas in the collision 
and ionization zones. As a result, the process of 
the ozone formation with tree body reactions 
cannot take place properly. 
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Figure 4. Ozone concentration as function of 
applied voltage for air flow rate variations.  
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Figure 5. Electric current as a function of air 
flow rate for some voltage variation.   
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Figure 6. Ozone concentration as a function of 
input power.    
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Figure 9 shows that the ozone concentration 
decreases with the enlargement of the gas flow 
rate. Beside the mean free path for a gas mole-
cule could be taken as the length of the path di-
vided by the number of collisions. Thus, the 
greater the number of particles that pass 
through the ionization zone, the smaller the en-
ergy of the collision and the less oxygen disso-
ciation may occur. 
The complicated mechanism of ozone gen-
eration from air DBD has been studied by pre-
vious investigators [18,19,20]. The process of 
ozone formation in the high electric field as in 
DBD reactor generally follows several stages. 
High energy electrons (1-10 eV) collide with O2 
molecules. Then the oxygen molecules will be 
dissociated into oxygen atoms. Oxygen atoms 
may combine with oxygen molecules to form O3. 
The formation of ozone can be explained by the 
reaction below:  
e + O2  O + O + e 
O + O2 + M  O3 + M  
where, M is another molecule that functions to 
absorb part of energy in the process of forma-
tion of O3. This molecule is not involved in 
chemical reactions. Therefore, the generation 
of ozone is based on silent discharge phenom-
ena, electrolytic, opto-chemical reaction. The 
ozone gas is generated from oxygen or air by 
the electron bombardment of molecules in 
glass-barrier based discharge.   
Figure 10 addressed average of ozone 
concentration as fuction  of  air flow rate. 
Effect of flow rate on the concentration of ozone 
follows the negative exponential function. In 
order to maintain high ozone productivity, we 
can conclude that  the ozone concentration can 
be maintain on highly by using low flow rate 
and high voltage. The effect DBD reactor 
configuration and construction has been 
studied by Nur et al. [21]. This  paper reported 
that the largest ozone concentration has been 
produced by using spiral-cylindrical 
configuration. The number of windings coil  of 
spiral electrode is high, the concentration of 
ozone produced is also higher. Moreover, the 
closer the distance between the wire spiral 
with a dielectric (pyrex) the closer the distance 
to the electrode cylinder the greater the 
concentration of ozone generated [21]. 
  
3.4. Electrodes morphology analysis   
The weakest component of the ozone reactor 
is the inner electrode. This electrode oxidizes 
continuously by the ozone produced in the reac-
tor. Figure 11 shows the reactor with elec-
trodes in the form of copper coils spiral before 
(A) and after used (B). Pure copper rod in an 
oxygenated environment will corrode to form 
copper oxide Cu2O and/or CuO (if no compo-
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nents of other atoms in the sample, this will 
need a data EDX). Cu2O crystal structures are 
cubic, truncated octahedral, octahedral and 
polypoid (flower-like). Corrosion rate of copper 
will increase by increasing of the oxygen con-
tent and duration of exposure. The plasma re-
actor after certain time of usage should be 
clean using mineral acid to remove the rem-
nant on the surface. This condition can be con-
firmed by XRD test. The images of SEM 
(Figure 12a and 12d) shows a solid surface and 
a relatively smooth, while the images (b and e) 
of the surface look rough and porous and there 
is a considerable hole (dark zone), this hole can 
be connected with the corrosion process where 
Cu eroded/sputter by oxygen radicals to form 
copper oxide. Furthermore, it appears tiny 
grains of nearly homogeneous and larger grains 
with diverse shapes (bright zone) on it. After 
washing (c and f) the grains on the top surface 
an invisible, black holes and the rod-shaped 
grains are randomly appearing more clearly, it 
shows the formation of Cu oxide (more clearly 
visible at magnification 10000×). Allegedly as a 
set of rod-shaped Cu2O-like flower that is not 
yet fully formed.  
Figure 13 shows the SEM’s image of the 
surface morphology of the Cu electrode with d 
= 1.12 mm. Unlike the previous electrode, the 
electrode surface before use (a and d) is not too 
dense and coarse. Cu surfaces that are not 
washable (b and d) composed by casts (micro 
flake), also observed fragments that clustered 
to form flower-like structure with pores larger 
than the surface of the Cu (d = 0.52 mm). After 
washing, the Cu surface becomes denser com-
posed by rod-shaped grains distributed ran-
domly, although it appears the fracture ex-
tends. Black holes are thought to be due to cor-
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Figure 12. SEM images of the surface morphology of the Cu electrodes with diameter of 0.52 mm, top 
5000×, 10000× bottom. (a & d) before use, (b & e) after use, (c & f ) after use and washed.  
       (A)           (B) 
Figure 11. Photographs of reactor with elec-
trodes in the form of spiral coil copper before 
(A) and after used (B)        
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rosion is more dominant on the electrodes with 
a diameter of 0.52 mm. Based on the SEM’s im-
ages of Figures 12 and 13, stronger corrosion 
occurs at the electrodes with a diameter 
smaller morphological differences between the 
two electrodes which are summarized in Table 
1.  
  
4. Conclusions 
An integrated ozone generator that con-
structed by seven of reactors of Dielectric Bar-
rier Discharge Plasma (DBDP) has been devel-
oped. The characteristic of this ozone generator 
has been determined. We found that ozone con-
centration is increasing with the applied volt-
age but in contrary ozone concentration de-
creasing with flow rate of dry air. It is found 
also that a maximum concentration of 20 mg/L 
and ozone capacity of 48 g/h with input power 
of 1.4 kW. Moreover, in this generator, IP effi-
ciency of 8.13 g/kWh was obtained at input 
power of 0.45 kW and an air flow rate of 9 
L/min. Meanwhile higher ozone capacity was 
produced with the higher input power, however 
it provided the lower of IP efficiency. At last a 
spiral wire copper is very corrosive due to the 
interaction with ozone, and it is necessary to do 
a research to get the metal as an active elec-
trode inside of the Pyrex dielectric.   
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Figure 13. SEM image of the surface morphology of the Cu electrode with diameter of 1.12 mm, top 
5000×, 10000× bottom (a & d) before use, (b & e) after use, (c & f) after use and washed   
Electrode  
diameter (mm) 
Before use After use without washing After use with washing 
0.52 
dense, relatively 
smooth 
Spherical grains (~0.25 
mm), rough, pores between 
grains, elongated black hole 
with a width of ~ 2 mm 
Rod-shaped grains clumped, 
denser black hole shaped 
channel width 
1.12 porous, more rugged 
Composed of fragments, 
some of which appeared in 
groups, pore formed be-
tween flake 
Composed by a rod-shaped 
grains (~ 0.5 mm length, di-
ameter ~ 0.25 mm) more 
dense, elongated black hole 
Table 1. Morphological identification of copper wire electrode inside of reactor     
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